Exploration class human spaceflight missions will require astronauts with robust immune systems. Innate immunity will be an essential element for the healthcare maintenance of astronauts during these lengthy expeditions. This study investigated neutrophil phagocytosis, oxidative burst, and degranulation of 25 astronauts after four space shuttle missions and in nine healthy control subjects. Space flight duration ranged from 5 to 11 days. Blood specimens were obtained 10 days before launch, immediately after landing, and 3 days after landing. The number of neutrophils increased by 85% at landing compared to preflight levels. The mean values for phagocytosis of Escherichia coli and oxidative burst capacity in neutrophils from astronauts on the 5-day mission were not significantly different from those observed in neutrophils from the control subjects. Before and after 9-to 11-day missions, however, phagocytosis and oxidative burst capacities were significantly lower than control mean values. No consistent changes in degranulation or expression of surface markers were observed before or after any of the space missions. This study indicates that neutrophil phagocytic and oxidative functions are affected by factors associated with space flight and this relationship may depend on mission duration.
Introduction
Astronauts live and work in a relatively crowded and stressful environment. Stresses integral to space flight, such as containment, isolation, space radiation, physical exertion, psychosocial conflict, anxiety, and sleep deprivation, can adversely affect astronaut health. A general consensus suggests that stress effects are likely to increase as mission duration and mission activity demands and complexities increase (Taylor et al., 1997) . Studies of space flight and the human immune response have shown changes in lymphocyte proliferation (Konstantinova et al., 1993) , phenotypes of peripheral blood mononuclear cells (Meehan et al., 1992; Taylor et al., 1986) , cytokine production (Berry et al., 1991; Konstantinova et al., 1993; Sonnenfeld et al., 1990) , naturalkiller cell cytotoxicity (Konstantinova et al., 1993; Mehta et al., 2001 ), cell-mediated immunity (Konstantinova et al., 1993; Taylor and Janney, 1992) , and other aspects of immune function (Taylor et al., 1997) . However, the effects of spaceflight on phagocytic, degranulation, and oxidative functions of neutrophils have not been previously reported.
Neutrophils are important elements of astronaut health, and increases in the number of neutrophils of more than 100% after space flight have been reported (Taylor et al., 1997) . Stowe et al. (1999) were first to report changes in neutrophil function after space flight by demonstrating alterations in neutrophil chemotaxis and adhesion to endothelial cells in astronauts following short-duration space flights.
Understanding the effects of space flight on the human immune response is essential to ensure the health, safety, and performance of space station crewmembers.
